The aim of this study was to estimate the patterns of care and annual levels of health care resource use attributable to managing venous leg ulcers (VLUs) in clinical practice by the UK's National Health Service (NHS) and the associated costs of patient management. This was a retrospective cohort analysis of the records of 505 patients in The Health Improvement Network (THIN) Database. Patients' characteristics, wound-related health outcomes and health care resource use were quantified, and the total NHS cost of patient management was estimated at 2015/2016 prices. Overall, 53% of all VLUs healed within 12 months, and the mean time to healing was 3⋅0 months. 13% of patients were never prescribed any recognised compression system, and 78% of their wounds healed. Of the 87% who were prescribed a recognised compression system, 52% of wounds healed. Patients were predominantly managed in the community by nurses with minimal clinical involvement of specialist clinicians. Up to 30% of all the VLUs may have been clinically infected at the time of presentation, and only 22% of patients had an ankle brachial pressure index documented in their records. The mean NHS cost of wound care over 12 months was an estimated £7600 per VLU. However, the cost of managing an unhealed VLU was 4⋅5 times more than that of managing a healed VLU (£3000 per healed VLU and £13 500 per unhealed VLU). This study provides important insights into a number of aspects of VLU management in clinical practice that have been difficult to ascertain from other studies and provides the best estimate available of NHS resource use and costs with which to inform policy and budgetary decisions.
Introduction
Venous leg ulcers (VLUs) are a major cause of morbidity and decreased health-related quality of life (1) . They have been reported to affect up to 3% of the adult population worldwide (2) , with some patients experiencing a repeated cycle of ulceration, healing and recurrence. VLUs arise from chronic venous insufficiency in the lower limbs. The main risk factors for VLUs include family history, deep venous thrombosis, age and obesity (3) .
The mainstay of treatment for established venous insufficiency includes the use of compression to apply external pressure to the lower extremities with the aim of improving venous function (4, 5) . Despite appropriate treatment, VLUs can take months to heal (1, 3, 6) . Ulcer size and ulcer duration have been
Key Messages
• patients with a VLU were predominantly managed in the community by nurses with minimal clinical involvement of specialist clinicians • up to 30% of all the VLUs may have been clinically infected at the time of presentation and only 22% of patients had an ankle brachial pressure index recorded in their records • 53% of all VLUs healed within 12 months and the mean time to healing was 3⋅0 months • 13% of patients were never prescribed any recognised compression system and 78% of their wounds healed; in comparison 87% of patients were prescribed a recognised compression system and 52% of their wounds healed.
• the mean NHS cost of wound care over 12 months was an estimated £7600 per VLU, with the cost of managing an unhealed VLU being 4⋅5 times more than that of managing a healed VLU (£3000 per healed VLU and £13 500 per unhealed VLU) identified as risk factors for poor healing (7) . Moreover, VLUs are frequently painful, malodourous, often with moderate to high exudate and have a significant negative impact on patients' health-related quality of life (8, 9) . We recently reported that the National Health Service (NHS) managed an estimated 278 000 patients with a confirmed VLU in 2012/2013 (10) . The annual NHS cost attributable to managing these VLUs and associated comorbidities was estimated to be £941⋅1 million (11) . After adjustment for comorbidities, the annual NHS cost was estimated to be between £596⋅6 and £921⋅9 million (11) . However, these values may be a gross underestimate as the NHS also managed 420 000 patients with an ulcer of the lower limb without a differential diagnosis (10), some of which will undoubtedly be venous in origin, costing between £539⋅5 and £778⋅9 million to manage (11) .
Successful wound management requires a flexible approach to the selection and use of dressings, and compression systems, based on an understanding of the healing process and knowledge of the properties, mechanism of action and cost-effectiveness of the various dressings and compression systems available (12) (13) (14) (15) (16) (17) (18) . The aim of the present analysis was to follow a cohort of patients in clinical practice from initial presentation of a VLU to evaluate in greater depth how patient management impacted on healing and NHS costs.
Methods

Study design
This was a retrospective cohort analysis of the case records of patients with a newly diagnosed VLU randomly extracted from The Health Improvement Network (THIN) database.
The Health Improvement Network database
The THIN database (IMS, London, UK) contains electronic records on >11 million anonymised patients entered by GPs from 562 practices across the UK. The patient composition within the THIN database has been shown to be representative of the UK population in terms of demographics and disease distribution (19) , and the database theoretically contains patients' entire medical history, as previsouly described (10) . Hence, the information contained in the THIN database reflects actual clinical practice.
Study population
The authors had previously obtained the electronic records of a random sample of 6000 patients with a wound from the THIN database. The study population of 505 patients were selected from this cohort of 6000 patients according to the following criteria:
• Were 18 years of age or over.
• Had a recorded diagnosis of VLU since 2012.
• Had at least 12 months continuous medical history in their case record from the first mention of their VLU unless it healed.
Patients were excluded from the data set if they had a dermatological tumour.
Ethics approval
Ethics approval to use patients' records from the THIN database for this study was obtained from the Research Ethics Committee that appraises studies using the THIN database.
Study variables and statistical analyses
Information was systematically extracted from the patients' electronic records over a period of 12 months from the diagnosis of their VLU. This included patients' characteristics, comorbidities (defined as a non-acute condition that patients were suffering from in the year before the start of their wound), wound size (ulcer size data was inconsistently recorded in the records; hence, wound size was defined as 80% of the size of the primary contact dressing), wound-related health care resource use, prescribed medication and clinical outcomes. If a patient received a bandage or dressing on a specific date, but a clinician visit was not documented in their record, it was assumed the patient had been seen outside of the general practice by a community nurse.
Differences between subgroups were tested for statistical significance using a Mann-Whitney U-test or 2 test. Logistic regression was used to investigate relationships between baseline variables and clinical outcomes. Multiple linear regression was also used to assess the impact of patients' baseline variables on resource use and clinical outcomes. Kaplan-Meier analyses were undertaken to compare the healing distribution of different subgroups. All statistical analyses were performed using IBM SPSS Statistics (V.22.0; IBM UK Ltd, Portsmouth, Hampshire UK).
Cost of patient management
Unit costs at 2015/2016 prices (20) (21) (22) were assigned to the resource use values to estimate the mean NHS cost of managing a VLU over 12 months from initial presentation.
Sensitivity analyses
Deterministic sensitivity analyses were undertaken to assess how the cost of VLU management changes by varying the values of clinical outcomes and resource use.
Results
Patients' characteristics
The age of patients in the data set was a mean of 72⋅9 (95% CI: 71⋅7; 74⋅1) years per patient, and 61% were female. Patients' baseline characteristics are summarised in Table 1 . Additionally, there were minimal differences in the comorbidity profile between patients whose VLU went on to heal and those that remained unhealed.
Patient management
At the time of initial presentation, patients' wound size was estimated to be a mean 52⋅3 (95% CI: 50⋅6; 54⋅1) cm 2 per VLU. For the intial treatment of their VLU, 44% of patients were documented as only having received compression, although some compression system kits included a dressing within the kit. Another 31% of patients were documented as having received a dressing plus compression and 25% as not having received any recognised compression system. In terms of dressings, 14% of patients were prescribed an antimicrobial dressing as part of the initial treatment, 12% were prescribed a soft polymer, 12% an absorbent dressing and 8% foam ( Table 2) . Over the 12-month follow-up period, 13% of patients were never prescribed any recognised compression system. Patients' dressings were initially changed every 2-3 days, and patients continued to be prescribed their initial mix of dressings for a mean of 1⋅9 months (Table 2) . They were then switched to another mix of dressings and remained on it for a mean of 2⋅2 months, during which time their dressings were changed every 3 days. The mix of dressings and compression systems that patients were prescribed for the first six treatment periods are summarised in Table 2 .
In addition to dressings, compression systems and bandages, 34% of patients were prescribed an analgesic, and 12% were prescribed an anti-infective at the time of diagnosis. Over the study period, 54% of patients were prescribed analgesics, and 40% of patients were prescribed anti-infectives.
Only 12% of all patients had a Doppler ankle brachial pressure index (ABPI) value recorded in their THIN database 
GP, General practitioner; VLU, venous leg ulcer.
record within the first 3 months of a diagnosis, and another 10% of patients underwent a Doppler ABPI at some time after the third month following diagnosis. Health care resource use associated with managing a VLU in clinical practice, together with the percentage increase between managing a healed and unhealed VLU, is shown in Table 3 . Patients were predominantly managed in the community by nurses, and resource use associated with managing unhealed VLUs was substantially greater than that of managing healed VLUs.
Clinical outcomes
Overall, 53% of all the VLUs healed within 12 months (Figure 1) , and the time to healing among the healed patients was a mean of 3⋅0 (95% CI: 2⋅6; 3⋅3) months per patient. The estimated initial size of the wounds that healed was significantly smaller than those that remained unhealed [mean of 48⋅0 (95% CI: 46⋅3; 49⋅6) cm 2 versus 57⋅8 (95% CI: 54⋅2; 60⋅3) cm 2 per VLU; P < 0⋅001]. Over the 12-month follow-up period, 87% were prescribed a compression system, and 52% of these wounds healed. Of the 13% of patients who were never prescribed any compression, 78% healed (Figure 2) . However, the mean time to healing was significantly longer among patients who never received compression compared to those who did [mean of 1⋅6 (95% CI: 1⋅0; 2⋅1) versus 3⋅3 (95% CI: 2⋅8; 3⋅7) months; P < 0⋅001]. The 'drop' in Figure 2 reflects the proportion of patients who healed quickly. Furthermore, the estimated initial size of the wounds that were never prescribed compression was significantly smaller than those VLUs that were prescribed a compression system [mean of 43⋅4 (95% CI: 40⋅2; 47⋅6) cm 2 versus 53⋅2 (95% CI: 51⋅3; 55⋅1) cm 2 per VLU; P = 0⋅003].
If prescribing of (1) analgesics and (2) anti-infectives is a proxy for pain and infection, respectively, then it can be inferred that healing was also impaired among patients who experienced pain or infection (Figures 3 and 4) .
Binary logistic regression showed that within the limitations of the data documented in the records: • Patients who were initially treated solely with a compression system had an increased probability of healing [OR 6⋅620 (95% CI 4⋅195; 10⋅447); P < 0⋅001].
• Patients who were never treated with a compression system had an increased probability of healing [OR 3⋅223 (95% CI 1⋅763; 5⋅892); P < 0⋅001].
• Wound size at the start of treatment was an independent risk factor for non-healing [OR 0⋅968 (95% CI 0⋅958; 0⋅978); P < 0⋅001].
Regression analysis showed that within the limitations of the data documented in the records, the time to healing is lengthened by:
• 0⋅3 months among patients who were prescribed analgesics (P = 0⋅001); • 0⋅5 months among patients who were prescribed anti-infectives (P = 0⋅001). 
Cost of patient management
The mean NHS cost of wound care in clinical practice over 12 months was an estimated £7600 per VLU. However, the cost of managing an unhealed VLU was 4⋅5 times more than that of managing a healed VLU (£2981 per healed VLU vs £13 455 per unhealed VLU) ( Table 4 ). Figure 5 illustrates how the monthly cost of VLU management decreases for both a healed and unhealed VLU. Community nurse visits were the primary cost driver and accounted for 78% of the cost of patient management. Dressings and compression systems accounted for up to 14% of the cost of patient management.
Of the total NHS cost of managing a VLU, 98% was incurred in the community and the remainder in secondary care. Furthermore, the distribution of costs was unaffected by whether the wound healed.
Infection
18% of the patients' records documented their VLU as being clinically infected at the time of presentation. Another 12% of patients were prescribed an anti-infective at the initial presentation, suggesting that as many as 30% of all the wounds in our data set may have been considered to be at risk of infection or infected at the time of the initial presentation. Furthermore, 53% of all patients had no recorded infection or antimicrobial prescribed over the 12-month follow-up period (Table 5 ). 6% of patients received only a topical antimicrobial indicative of concern about the local bioburden or a possible localised wound infection, and 40% were prescribed a systemic anti-infective. The duration of continuous prescribing of topical antimicrobials in the patients' records was a mean of 6⋅6 (95% CI: 6⋅2; 7⋅0) months per patient. Of the 53% of patients who did not have an infection, 75% of the VLUs healed within a mean of 2⋅2 months. The VLU healing rate was lower in patients with a putative infection, and the mean time to healing was longer (Table 5) . Furthermore, the cost of wound management of an uninfected VLU was at least 69% less than that of a wound with a putative infection (Table 5) .
Sensitivity analyses
Sensitivity analysis showed that if the probability of healing was reduced by 25%, from 53% to 40%, the mean NHS cost of wound care over 12 months would increase by 19% to an estimated £9075 per VLU. Conversely, if the probability of healing was increased by 25%, from 53% to 66%, the mean NHS cost of wound care over 12 months would decrease by 19% to an estimated £6155 per VLU.
If the unit cost of wound care products was decreased or increased by 25%, the mean NHS cost of wound care over 12 months would only deviate by 4% from the mean value (range £7300-7900 per VLU). However, if the number of community nurse visits changed by 25% below or above the base case value, the mean NHS cost of wound care over 12 months would deviate by 19% from the mean value (range £6100-9100 per VLU). Conversely, if the number of practice nurse visits changed by 25% below or above the base case value, the mean NHS cost of wound care over 12 months would deviate by 1% from the mean value (range £7600-7700 per VLU). Changes to other model inputs had a minimal impact on the mean NHS cost of wound care in clinical practice.
Discussion
The current standard of care for VLUs involves compression therapy as a means of reducing venous insufficiency of the lower limbs (4, 23, 24) . However, this study found that a cohort of patients who never received any compression therapy had a higher healing rate than those patients who received some compression therapy. This is not a new observation as we previously reported that in both clinical trials and observational studies, the VLU healing rate was higher among patients who never received compression compared with those who did (25) . There were no differences in the comorbidity profile of these two cohorts, with the exception that 12% of patients who never received any compression had neurological symptoms compared to 5% of those who received some compression (P < 0⋅05), and the wound size was significantly smaller (43⋅4 versus 53⋅2 cm 2 ; P = 0⋅03). Clearly, more research is required to fully understand the decision-making pathway that results in treatment choices for these patients and characterise whether a selected subpopulation of VLU patients would achieve a better outcome without compression therapy.
Wound management is a major cost item in the overall NHS budget (26) . The Burden of Wounds study (10, 11, 27 ) identified the major cost drivers within the overall wound care budget and provided insight into areas where care improvements could potentially result in improved clinical outcomes whilst generating significant cost savings. This analysis estimated that the mean NHS cost of wound care over 12 months from diagnosis was a mean of £7600 per VLU, ranging between £3000 per healed wound and £13 500 per unhealed wound. Furthermore, up to 30% of all the VLUs may have been clinically infected at the time of presentation. Resource use associated with managing unhealed VLUs was substantially greater than that of managing healed wounds (e.g. 542% more dressings, 349% more community nurse visits, 339% more practice nurse visits, 263% more drug prescriptions for anti-infectives, 239% more compression systems), as was resource use associated with managing a putatively infected wound compared with an uninfected wound. Consequently, the cost of managing an unhealed VLU was 4⋅5 times more than that of managing a healed VLU, and the cost of managing a putatively infected wound was at least 3⋅2 times more than that of an uninfected wound. This is consistent with our Burden of Wounds study (10, 11, 27) , as well as other evidence on the management of VLUs, which showed that the time to healing is an important factor in driving costs (28) (29) (30) . Accordingly, the cost of VLU management can be affected by a combination of resources required for dressing Mean NHS cost
Time from diagnosis (months)
Unhealed VLU Healed VLU Figure 5 Monthly National Health Service cost of wound care at 2015/16 prices.
changes, complexity of some treatment regimens and infection (28) (29) (30) . Hence, cost-effective management and healing of VLUs remains a challenging problem. Based on documentation in the patients' records, there appeared to be minimal involvement of specialist clinicians in the management of their wounds, although it is possible that more patients were receiving multidisciplinary care than was recorded. Furthermore, there was no evidence of a coordinated shared treatment plan. Less than 25% of all patients had their ABPI documented in their case record, contrary to national guidance (31) . This may reflect the difficulties experienced by non-specialist health care professionals in the community in acquiring the necessary skills or accessing the appropriate equipment. The analysis also found that for the majority of patients, the length of time that a patient was on a combination of dressings or bandages before being changed to another mix increased the longer the patient had a wound. This is indicative of a lack of evidence-based wound care and treatment planning. Patients should undergo a regular review of their wound in order to gauge treatment effectiveness, which should inform changes in treatment. Guidelines and 'Best Practice Statements' for a number of dressing products define appropriate timelines for product use and review of treatment outcomes (32) (33) (34) (35) . Of particular concern is both the frequency of use of antimicrobial dressings and the duration of therapy. The Vulcan study (36) highlighted the problems associated with the inappropriate use of silver dressings. Best practice statements on the use of antimicrobial dressings suggest a short-duration therapy with frequent reviews of treatment effectiveness and the need to continue antimicrobial therapy (32, 33) . The evidence relating to the use of antibiotics and antiseptics, including antimicrobial dressings, has been the subject of a Cochrane review (37) and concludes that there is little evidence to support the routine use of these products.
Clearly, VLU management is challenging and will remain so for the forseeable future. The number of new VLUs in the UK has been estimated to rise to 170 000 in 2017/18 and is predicted to cost the NHS an estimated £1⋅3 billion in the first 12 months from onset (27) . This would be in addition to the cost of managing the existing VLUs. Clearly, policymakers need to allocate resources to meet the predicted demand. Training non-specialist nurses in appropriate VLU management may overcome some of the problems encountered in clinical practice and help achieve better health outcomes than those currently being observed. Other measures that could help overcome some of the problems encountered in clinical practice and achieve better outcomes include improving diagnostic support and implementing integrated progressive care pathways with defined trigger points for senior involvement. Additionally, providing consistent, integrated care and establishing dedicated wound care clinics in the community may also help improve wound-healing rates and reduce infection. In turn, these actions should reduce workload and free up health care resource use for alternative use.
Study limitations
The advantages and disadvantages of using patients' records in the THIN database for health economic studies in wound care have been previously discussed (10, 11, 28) . The analysis assumed that wound size is 80% of the size of the primary contact dressing in accordance with other studies (13, 29, 30) . However, smaller VLUs are likely to be less than 80% of the primary contact dressing size as very small dressing sizes are often unavailable or not stocked. Consequently, there may be some uncertainty surrounding the wound size estimates, indicative of greater differences in wound size between VLUs that were and were not managed with a compression system. Despite these limitations, it is the authors' opinion that the real-world evidence contained in the THIN database has provided a useful perspective on the management of VLUs in the UK and the associated costs. The analysis was truncated at 12 months and does not consider the potential impact of those wounds that remained unhealed beyond the study period. Also excluded is the potential impact of managing patients with a VLU being cared for in nursing/residential homes. The analysis only considered NHS resource use and associated costs for the 'average patient' and was not stratified according to gender, disease-related factors and level of clinician's skills. Patients' costs and indirect societal costs as a result of patients being absent from work were also excluded from the analysis. However, patients' mean age was >65 years, so it is unlikely that many were in employment.
Conclusion
The real-world evidence in this study provides important insights into a number of aspects of VLU management in clinical practice that have been difficult to ascertain from other published studies. Additionally, it provides the best estimate available of NHS resource use and costs with which to inform policy and budgetary decisions pertaining to managing these wounds.
